CHEMICAL AMPLIFYING TYPE POSITIVE RESIST COMPOSITION 

Background of tlie Invention 
The present Invention relates to a resist composition 
5 suitable for lithography and the like, which acts by high energy 
radioactive ray such as far ultraviolet ray (including excimer 
laser and the like) . electron beam. X ray or radiation light. 

Recently, according to high integration of integrated 
circuits, submicron pattern formation is required. 
10 Particularly, lithography using a radiation source such as 
excimer laser light from krypton fluoride (KrF), argon fluoride 
(ArF) and fluorine (Fj) . electron beam. EUV light. X ray and 
the like is noticed since they enable fine pattern formation. 
As the resist suitable for a lithography process, a so-called 

y . 

" 15 chemical amplifying type resist utilizing an acid catalyst 
i= and chemical amplifying effect is adopted. In the chemical 

■4 amplifying type resist , acids generated from an acid generating 
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agent at a part irradiated with radiation are diffused by the 
subsequent heat treatment (post exposure bake; hereinafter. 

20 abbreviated as PEB in some cases), and the solubility of the 
irradiated part in an alkali developer is changed by a reaction 
using this acid as a catalyst. Thus, a positive or negative 
pattern is given. 

In positive resists of chemical amplifying type, resins 

26 in which an alkali-soluble group is protected by a group which 
Is dlssooiatable by the action of an acia aire often used in 
combination with an acid generating agent. It is reported 
that high resolution and excellent dry etching resistance are 
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obtaxned particular'ly by using a protective group sucli as a 
2-allcyl-2-adamantyl group or 1-adamantyl-l-alkylalkyl group 
as shown In S- Takechl et al-, J* Photopolym, Sci. Technol., 
Vol. 9, No. 3. 475-487 (1996) and JP-A-9- 73173 . as the group 
5 dissociatable by the action of an acid as described above • 
Nozaki et al . , J* Photopolym. Sci. Technol,, Vol. 13, No. 3, 
397-403 (2000) discloses a resist for electron beam using a 
copolymer resin of 2-methyl-2-adamantyl methacrylate or 
2-ethyl-2-adaraentyl methacrylate with hydroxys tyrene . and 
10 reports that particularly those using a copolymer resin of 
It 2-ethyl-2-adamantyl methacxylate with Hydroxystyrene have 
•'i high sensitivity and are excellent in etching resistance, and 
provide high resolution in exposure to KrF excimer laser. 

■3 

However, chemical amplifying type positive resists using 

ru 

« 15 a copolymer of 2-ethyl-2-adamantyl methacrylate with 

.t ss. 
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hydroxys tyrene have a problem of generation of scum after 

u 

SJ development. 

j jj An object of the present invention is to provide a chemical 

amplifying type positive resist composition having excellent 
20 sensitivity and resolution and showing less scum problem. 
The present inventors have intensively studied for 
attaining such objects. Resultantly, they have found that 
excellent performances can be obtained without generation of 
scum by using a specific copolymer as a resin component of 
25 a chemical amplifying type positive resist and allowing 

polypropylene glycol to be contained in the resist. Thus, 
the present invention was completed. 
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SUMMARY OF THE INVENTION 
The present invention provides a chemical amplifying type 
positive resist composition comprising 
5 a resin which has a polymerization unit derived from 
hydroxys tyrene and a polymerization unit derived from 
2-'ethyl-2-adamantyl (meth) acrylate , and is insoluble or 
poorly soluble itself in an alkali, but becomes alkali-soluble 
after dissociation of the above-mentioned acid unstable group 
10 by the action of an acid; 
It a radiation sensitive acid generating agent; and 

•I al 

"Z polypropylene glycol . 

:s ess 

m 

Si 

- EMBODIMENTS OF THE INVENTION 

ry 

II 15 The resin component in the resist composition of the present 

j:A invention has essentially at least two polymerization units, 
'J a polymerization unit derived from hydroxys tyrene and a 
Ily polymerization unit derived from 2-ethyl-2-adamantyl 

{meth)acrylate . The resin component causes a chemical change 
20 by the action of an acid to become alkali- soluble though it 
is insoluble or poorly soluble itself in an alkali. These 
polymerization units are formed by opening of a double bond 
in a s tyrene part and a double bond in a (meth)acryl part, 
respectively, and specifically, can be represented by the 
25 following formula (I) and formula (II). respectively. 
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wherein. represents a hydrogen atom or methyl group, and 
represents an ethyl group • 
In the hydroxys tyrene unit of the formula (I) ^ positional 
i'l 5 relation between a hydroxyl group and vinyl group is not 

particularly restricted, but p- hydroxys tyrene is generally 
used. 

The resin having a polymerization unit derived from 
hydroxystyrene and a polymerization unit derived from 
10 2-ethyl-2-adaraantyl (meth) acrylate can be produced, for 
example, as follows. First, acetoxystyrene and 
2-ethyl-2-adamantyl (meth) acrylate are copolymerized by an 
ordinary method, then, the copolymer is hydrolyzed to a 
suitable degree to change a part or all of acetoxy groups into 
IS hydroxyl groups, to produce the resin. 

The copolymerization using hydroxystyrene or 
acetoxystyrene and 2-ethyl-2-adamantyl (meth) acrylate , 
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further, if necessary, a monomer having a group unstable to 
an acid and/or other monomers can be conducted according to 
an ordinary method . For example, a method is adopted in which 
raw material monomers are dissolved in a suitable solvent, 
a polymerization initiator is added to this solution to 
initiate polymerization, and the reaction is continued under 
heating or cooling* As the reaction solvent, alcohols such 
as methanol, ethanol, 2-propanol and tert-butanol , aromatic 
hydrocarbons such as benaene. toluene and xylene, ethers such 
as tetrahydrof uran and 1^4-dioxane, and the like can be used. 
As the polymerization initiator, azo compounds such as 
2,2' -azobis (isobutyronitrile) and dimethyl 

2,2"-azobis(2-methylpropionate) , peroxides such as benzoyl 
peroxide and tert -butyl peroxide, redox type initiators such 
as hydrogen peroxide/ferrous salt and benzoyl 
peroxide/diraethylaniline, alkylated metals such as 
butyllithium and triethyl aluminum, and the like can be used. 

In addition to a polymerization unit derived from 
hydroxys tyrene and a polymerisation unit derived from 
2-ethyl-2-adamantyl (meth) acrylate , as described above, the 
resin component constituting the positive resist composition 
of the present invention may further contain other 
polymerization units, for example, polymerization units 
derived from styrene, acrylonitrile , methyl methacrylate , 
methyl acrylate and the like- Further, the resin component 
may be partially hydrogenated , or an allcyl group, aixoxy group 
and the like may also be introduced in a phenol nuclei in amount 
maintaining alkali-solubility, for improvement of 



transparency . 

However, it is preferable tliat the total amount of a 
polymerization unit derived from hydroxys tyrene and a 
polymerization unit derived from 2-ethyl-2-adamantyl 
5 (meth) acrylate occupies 5 0 mol% or more based on the whole 
polymerization units in the resin. The ratio of these 
polymerization units is usually from 99 : 1 to 60 = 40, preferably 
from 95:5 to 70:30 in terms of molar ratio of polymerization 
unit derived from hydroxys tyrene to polymerization unit 
10 derived from 2-ethyl-2-adamantyl (meth) acrylate - The 
}i proportion of a polymerization unit having a group unstable 

to an acid, is usually 50 mol% or less, preferably 10 mol% or 
more and 45 mol% or less . 

The acid generating agent used in the present invention 
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Q 15 is a substance which is decomposed to generate an acid by 
U applying a radiation such as a light, an electron beam or the 

hi 

like on the substance itself or on a resist composition 
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containing the substance. The acid generated from the acid 
generating agent acts on said resin resulting in cleavage of 
20 the group cleavable by the action of an acid existing in the 
resin • 

Such acid generating agents, for example, include other 
onium salt compounds, organo -halogen compound such as 1,3. 
5 -triazine compounds , sulf one compounds , sulfonate compounds , 
25 and the like. 

Specific examples thereof include: 
diphenyliodonium trif luoromethanesulf onate , 
4-methoxyphenylphenyliodonium hexaf luoroantimona te , 



4-mthoxyphenylplienyllodonium trif luoromethanesulf onate , 
bis ( 4-tert-butYlplienyl) iodonium tetraf luoroborate , 
bis ( 4-tert-butYlphenyl ) iodonium hexaf luoropliosptiate , 
bis ( 4 - tert -butylplienyl ) iodonium hexaf luoroantimonat e ^ 
bis { 4- tert-butylph.enyl) iodonium trif luoromethanesulf onate , 
triptienylsulf onlum hexaf luorophosphate , 
triphenylsulf oniuTu hexaf luoroantlmonate , 
triphenylsulf onivun trif luoromethanesulf onate . 
triphenylsulf on±um 2,4, 6 - trllsopropylbenzenesulf onate , 
4-methylphenyldiphenylsulf onium perfluorobutanesulf onate , 
4-inethylphenyldiphenylsulf onium perfluorooctanesulf onate , 
4-niethoxyplienyldiphenylsulf onium hexaf luoroantlmonate , 
4-niethoxyphenyldiphenylsulf onium 
trif luoromethanesulf onate . 

p-tolyldlph©nylsulf onium trif luoromethanesulf onate, 

2,4. 6 - trimethylphenyldiphenylsulf onium 

trif luoromethanesulf onate , 

4 - tert - butylphenyldiphenylsulf onium 

trif luoromethanesulf onate ^ 

4-phenylthiophenyldiphenylsulf onium hexaf luorophosphate , 
4-phenylthiophenyldiphenylsulf onium hexaf luoroantlmonate , 
1- ( 2 -naphthoylmethyl) thiolanium hexaf luoroantlmonate , 

1- ( 2 -naphthoylmethyl ) thiolanium trif luoromethanesulf onate , 
4 -hydroxy- 1 -naphthyldimethylsulf onium 

hexaf luoroantlmonate , 

4 -hydroxy- 1 -naphthyldimethylsulf onium 
trif luoromethanesulf onate , 

2 - methyl- 4 , 6 -bis { trichlorome thyl ) -1,3, 5-triazine , 



2,4, 5-tris ( trlchlorometliyl) -1 , 3 , 5-triazine, 

2 -phenyl- 4 , 6 -bis ( trlchloromethyl ) -1 , 3 , 5 - triazlne . 

2 - ( 4 - chloropheiiyl ) - 4 , 6 - bis ( tricblorome thyl ) - 1 . 3 , 5 - tr iazin 

2- (4-mel:hoxyptieiiyl) -4, 6-bls ( tricliloromethyl ) -1^3 , 5-triaz± 
ne , 

2 - ( 4 -raethoxy- 1 -naphthyl ) - 4 , 6 -bis ( trichlorome thyl ) - 1 , 3 , 5 - 1 
rlazlne, 

2- (benzo [d] [1,3] dloxolane-5-yl ) -4 , 6-bis ( tricliloromethyl) - 
1 , 3 # 5 - cjciazino , 

2 - ( 4-inetlioxYStyryl) -4, 6-bis (trichlorome tbyl) -1,3, 5- triazi 
ne , 

2- (3^4 , 5-trlmethoxystyryl) -4, 6 -bis (trichlorome thyl) -1,3,5 
- triazine, 

2 - ( 3 , 4 -dimethoxystyryl ) - 4 . 6 -bis ( trlchloromethyl ) - 1 , 3 , 5 - tr 
lazlne , 

2- (2, 4-dlmethoxystyryl) -4 , 6-bis(trichloromethyl) -1, 3 , 5-tr 
iazine , 

2 - ( 2 -methoxystyryl ) - 4 , 6 -bis ( trlchloromethyl ) - 1 , 3 , 5 - triazi 
ne , 

2 - ( 4-butoxystyryl) -4 , 6-bis ( trlchloromethyl) - 1,3, 5 - triazin 
e , 

2- (4-pentyloxystyryl) - 4, 6 -bis ( trlchloromethyl ) -1,3, 5-tria 
zine ^ 

1 - benzoyl- 1-phenylmethyl p-toluenesulf onate { so-called 
benzointosylate) , 

2 - benzoyl- 2 -hydroxy- 2 -phenylethyl p-toluenesulf onate 
( so-called a -methylolbenzointosylate ) , 




1,2,3 -benzenetriyl trlmethanesulf onate , 
2 , 6-dln±trobenzyl p-tolvienesulf onate , 
2-nitrobenzyl p - toluenes ulf onate , 
4-nltrobenzyl p- toluenes ulf onate , 
5 dipbenyl disulfone, 
di-p-tolyl disulfone, 
bis ( plienylsulf onyl ) diazometliane , 
bis ( 4 - chlorophenylsulf onyl ) diazomethaxie , 
bis (p-tolylsulf onyl ) dlazomethane , 
10 bis ( 4-tert-butylplienylsulf onyl)dlazomethana, 
i;3 bis ( 2 , 4-xylylsulf onyl) diazomethane. 
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bis ( cycloliexylsulf onyl) dlazome thane . 
(benzoyl) (phenylsulf onyl ) dlazomethane , 
N- ( phenyl sulf onyl oxy) succinimlde , 
15 N- ( trif luor omethy Isulf ony loxy ) succlnlmide , 
N- ( trif luoromethylsulf ony loxy ) phthallmide . 

N- ( trif luorometliylsulfonyloxy) -5-norbornene-2 , 3-dicarboxy 
imlde , 

N- (trif luoromethylsulf onyloxy)naphthaliinxde , 
20 N- ( 10 -camphor 5ulfonyloxy)naphthallmide, and the like. 

( 5-propylsulf onyloxyimino-5H-thlophene-2-yliden) - (2-methy 

Iphenyl ) acetonitrile , 

( 5-toluylsulf onyloxyimino-5H-thiophene-2-yl±den) - (2-methy 

Iphenyl ) acetonitrile . 
25 ( 5-n-butylsulf onyloxyimino-5H-thiophene-2-yliden ) - ( 2-meth 

ylphenyl ) acetonitrile , 

( 5 -n- oc tylsulf onyloxyimino - 5H- thiophene - 2 -yliden ) - ( 2 - meth 
ylphenyl ) acetonitrile , 



and the like . 

Polypropylene glycol which is another component of the 
positive resist composition of the present invention can 
prevent generation of scum by promoting generation of an acid 
and dissociation of a group unstable to an acid when an acid 
generated from an acid generating agent by light and heat acts 
on the above-mentioned resin to dissociate a group unstable 
to an acid. 

The content of propylene glycol used here is appropriately 
selected depending on th© kind of the photoresist composition , 
and is from 0.1 to 5% by weight of total solid contents in 
the resist. The molecular weight of polypropylene glycol is 
appropriately selected depending on the kind of photoresist 
composition, and usually from SOO to 5000 in terms of 
weight -average molecular weight. 

It is also known that , generally in a chemical amplifying 
type positive resist composition, performance deterioration 
due to the deactivation of an acid associated with leaving 
after exposure can be reduced by adding basic compounds, 
especially basic nitrogen-containing organic compounds such 
as amines as quenchers. Concrete examples of the basic 
compounds to be used in the present invention as quenchers 
include the ones represented by the following formulae: 
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wherein R^^, R^^ and ^ represent, independently eacH other . 
hydrogen, cycloalkyl, aryl or alkyl which may be optionally 
substituted with a hydroxyl, amino which may be optionally 
substitiuted with alkyl having 1 to 6 carbon atoms, or al3coxy 
having 1 to 6 carbon atoms ; R^^, R^* and- R^^. which are same 
or different from each other , represent hydrogen, cycloalkyl, 
aryl, alkoxy or alkyl which may be optionally substituted with 
a hydroxyl, amino which may be optionally substitiuted with 
alkyl having 1 to 6 carbon atoms, or alkoxy having 1 to 6 carbon 
atoms; R^^ represents cycloalkyl or alkyl which may be 



optionally substituted with a hydroxyl , amino which may be 
optionally substitiuted with alkyl having 1 to 5 carbon atoms . 
or alkoxy having 1 to 6 carbon atoms; A represents alkyl, 
alkylene, carbonyl, imino , sulfide, disulfide or a secondary 
5 amine. The alkyl represented by Rll to R17 and alkoxy 

represented by r" to R" may have about 1 to 6 carbon atoms . 
The cycloalkyl represented by R^^ to R^' may have about 5 to 
10 carbon atoms and the aryl represented by R^^ to R^^ and R^' 
may have about 6 to 10 carbon atoms . The alkylene represented 
10 by A may have about 1 to 6 carbon atoms and may be 
2 straight -chained or branched. 

- Hindered amine compounds having piperidine skeleton, such 

4 as those disclosed in jP-A-11-52575 . can also be used as 

«3 
SS 

ij quenchers . 

The resist composition of the present invention 
preferably contains the resin in an amount of 80 to 99.9 % 
by weight, and ttie acid generating agent in an amount of 0.1 
to 20 % by weight based on the total solid component weight 
of the resist composition. When a basic compound is used as 
a quencher, it is preferably contained in an amount of 1 % 
by weight or less based on the total solid component weight 
of the resist composition. The composition may also contain, 
if required, a small amount of various additives such as 
sensitizers, dissolution inhibitors, resins other than the 
above resin, surfactants, stabilizers, and dyes so far as the 
objects of the present invention is not harmed. 

The resist composition of the present invention 
generally becomes a resist solution in the state in which the 
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above-described components are dissolved in a solvent to be 
applied on a substrate such as a silicon wafer. The solvent 
herein used may be one which dissolves each component, has 
an appropriate drying rate, and provides a uniform and smooth 
5 coating after evaporation of the solvent, and can be one which 
is generally used in this field. 

Examples thereof include glycol ether esters such as 
ethylcellosolve acetate, methylcellosolve acetate and 
propylene glycol monomethyl ether acetate ; esters such as ethyl 
10 lactate, butyl acetate, amyl acetate and ethyl pyruvate; 

Icetones such as acetone, methyl isobutyl ketone, 2'heptanone 

1*3 

'•3 and cyclohexanone; cyclic esters such as r -butyrolactone 

l',n and alcohols such as 3-methoxy-l-hutaiiol . These solvents can 

>: ! 

:,S be used alone or in combination of two or more thereof* 

l"" 15 The resist film applied on a substrate, and dried is 

subjected to an exposure treatment for patterning. Then, 
after a heat- treatment ( PEB ) for promoting a protecting 
!;p deblocking reaction, development by an alkali developer is 
conducted. The alkali developer herein used can be various 
20 kinds of alkaline aqueous solutions used in this field. In 
general, an aqueous solution of tetramethylammoniumhydroxide 
or ( 2-hydroxyethyl) trimethylammoniumhydroxide (so-called 

colline) is often used. 

The present invention will be described in more detail 
25 by way of examples , which should not be construed as limiting 
the scope of Hh© present invention. All and parts for 

representing content or used amount in examples are by weight 
unless otherwise stated. The weight -average molecular weight 
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(Mw) or degree of dispersion (Mw/Mn) is a value determined 
from gel permeation chromatograpny using polystyrene as a 
reference standard. 

(la) Syntnesis of copolymer of 2-ethyl-2-adamantyl 
5 methacrylate and p-acetoxystyrene (20:80) 

Into a flask was charged 39.7 g (0.16 mol) of 
2-ethyl-2-adamantyl methacrylate, 103.8 g (0.64 mol) of 
p-acetoxystyrene and 265 g of isopropanol and the atmosphere 
was purged with nitrogen. The resultant solution was heated 
10 to 75'C. Into this solution, 11.05 g (0.048 mol) of dimethyl 
2,2' -azobis(2-methylpropionate) dissolved in 22.11 g of 
isopropanol was added dropwlse . The mixture was kept for about 
0.3 hours at 75'C and for about 12 hours under reflux. Then, 
n the mixture was diluted with acetone , and charged into methanol 

y 

_ 15 to precipitate a crystal which was removed by filtration. The 
crude crystal of the copolymer of 2-ethyl-2-adaniantyl 

thacrylate and p-acetoxystyrene was obtained in an amount 
of 250 g* 

(lb) Synthesis of copolymer of 2-etliyl-2-adamantyl 
20 methacrylate and p -hydroxys tyrene (20:80) 

Into a flask was charged 250 g of the crude crystal of 
the copolymer of 2-ethyl-2 -adamantyl methacrylate and 
p-acetoxystyrene (20:80) obtained in (la), 10,3 g (0.084 mol) 
of 4-dimethylaminopyridine and 202 g methanol . The resultant 
25 solution was kept for 20 hours under reflux. After cooling, 
the solution was neutralized with 7,6 g (0.126 mol) of glacial 
acetic acid, and charged into water to precipitate a crystal 
which was removed by filtration. Then, the crystal was 
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dissolved in acetone, and charged into water to precipitate 
a crystal wliich was removed by filtration. This operation 
was repeated three times in total, then, the resulted crystal 
was dried. The crystal of the copolymer of 
0 2-ethyl-2-adamantyl methacrylate and p - hydroxys tyrene was 
Obtained in an amount of 9 5 . 9 g . The resin had a weight -average 
molecular weight of about 8600 and a degree of dispersion of 
1.6 5 (GPC method: in terms of polystyrene), and revealed a 
copolymerization ratio of about 20:80 measured by a nuclear 
10 magnetic resonance (^^C-NMR) spectrometer. This resin is 
called Resin A. 



(2a) Synthesis of copolymer of 2-ethyl-2-adamantyl 
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methacrylate and p-acetojcys tyrene (30:70) 

Into a flask was charged 59.6 g (0.24 raol) of 
15 2-ethyl-2-adamantyl methacrylate, 90.8 g (0.56 mol) of 

p- ace toxys tyrene and 2 79 g of isopropanol and the atmosphere 
was purged with nitrogen. Then, the solution was heated to 
7 5"C. Into this solution, 11.05 g (0.048 mol) of dimethyl 
2.2'-azobis(2-methylpropionate) dissolved in 22.11 g of 
20 isopropanol was added dropwise. The mixture was kept for about 
0.3 hours at 7 5t:: and for about 12 hours under reflux, then, 
diluted with acetone , and charged into methanol to precipitate 
a crystal which was removed by filtration. The crude crystal 
of the copolymer of 2-ethyl- 2 -adamantyl methacrylate and 
25 p-acetoxystyrene was obtained in an amount of 250 g. 
(2b) Synthesis of copolymer of 2 -ethyl- 2 -adamantyl 
methacrylate and p-hydroxystyrene (30i70) 

into a flask was charged 250 g of the crude crystal of 
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the copolymer of 2-ethyl- 2-adamantyl methacrylate and 
p-acetoxystyrene (30:70) obtained in ( 2a) . 10 . 8 g ( 0 . 088 mol) 
of 4-dimethylaniinopyridine and 239 g methanol- Then, the 
solution was kept for 20 hours under reflux. After cooling. 
5 the solution was neutralized with 8 . 0 g (0.133 mol) of glacial 
acetic acid, and charged into water to precipitate a crystal 
which was removed by filtration. Then, the crystal was 
dissolved in acetone, and charged into water to precipitate 
a crystal which was removed by filtration. This operation 
10 was repeated three times in total, then, the resulted crystal 
'■"^ was dried. The crystal of the copolymer of 

a 

2-ethyl-2-adamantyl methacrylate and p -hydroxys tyrene was 
M obtalnedin anamount of 102.8 g. The res in had a weight -average 



molecular weight of about 8200 and a degree of dispersion of 
15 1.68 (GPC method: in terms of polystyrene), and revealed a 
copolymerlzation ratio of about 30:70 measured by a nuclear 
^ _^ / i^r'-Miwn? ^ csriAri't'i-QTne-fcer' - This resin is 

lU 



,.3 magnetic resonance (^^C-NMR) spectrometer. This resin H 



called Resin B. 
Examples and Comparative Example 
20 Resin A and Resin B was mixed at a ratio of Itl to give 

a resin, and this resin was mixed with acid generating agents 
of the following formulae (III) and (IV) , quencher and solvent 
in a formulation shown below to provide a solutiono This solution 
was further filtrated through a fluorine resin filter having 
25 a pore diameter of 0 • 2 M m to prepare a resist solution. 



- 16 - 



O NgO 
II It II 

s-c-s 

II H 

o o 

(H) 




(IV) 



Resin mixture 




13.5 parts 


Acid generating agent 


acid generating agent 
(III) 


0.45 parts 




acid generating agent 
(IV) 


0.45 parts 


Quenctiar 


diisopropylaniline 


0.055 parts 


Solvent 


propylene glycol 
mononiethyl ether 
acetate 


9 0 parts 



To tills resist solution was added polypropylene glycols 
(PPG) having weight -average molecular weights shown in Table 
1 in an amount of 10% based on the resin solid content • 



Table 1 



Example No, 


Molecular weight of PPG 


Example 1 


lOOO 


Example 2 


2000 


Example 3 


3000 


Comparative example 1 


No addition 



Oa a silicon wafer, an anti-reflection film [ *'duv-42 
manufactured by Nissan Chemical Industries . Ltd, ] was applied 
under pre-bake conditions of 215*C and 60 seconds to give a 
thickness of 0,06 Uta. Then, each resist solution was 
spin-coated on this, followed by pre-baking on a proximity 
hot plate under conditions of llO^C and 60 seconds to form 
a resist film having a thicknes sof0.42Mm. A wafer carrying 
thus formed resist film was exposed using a KrF excimer stepper 
[ "nsr S203B" manufactured by Nikon Corp. . NA=0 - 68 , a=0,85, 
2/3 annular illumination] via masks having various forms and 
dimensions- Then, PEB was conducted under conditions of 120X: 
and 60 seconds on a hot plate, further, paddle development 
was conducted for 60 seconds with a 2 , 38% tetramethyl ammonium 
hydroxide aqueous solution. Patterns after development were 
observed by a scanning electron microscope, and sensitivity, 
resolution and presence of scum were checked as described below. 
Results are shown in Table 2. 

Film penetrating sensitivity: This was indicated by the 
minimum exposure required for film penetration of 2 mm square 
open field after exposure and development. This is 
represented by Eth. 

Effective sensitivity: This was indicated by exposure 
amount at which 0.13 Um line and space pattern was 1 = 1- This 
is represented by Eo. 

Presence of scum; A wafer carrying patterns formed at 
exposure at which 0.15 fira line and space pattern was 1:1 was 
observed from the upper surface using a scanning electron 
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microscope, and presence of scum (residue) at exposed parts 
was checked. Observation of one or more scums was represented 
by X, and observation of no scum was represented by O- 

Resolution: This was indicated by the minimum dimension 
of line and space pattern separating at exposure of effective 
sensitivity. 



Table 2 



Example No - 


Molecula 
r weight 
of PPG 


Sensitivity 


Resolu- t 
ion 

( U vx) 


Presence 
of scum 


(mJ/cma) 


Eth 


Bo 


Exatmple 1 


1000 


11 


32 


0 . 13 


o 


Example 2 


2000 


11 


32 


0.13 


o 


Example 3 


3000 


11 


32 


0.13 


o 


Comparative 
example 1 




11 


32 


0 . 13 


X 



The resist composition of the present invention has 
excellent sensitivity and resolution, and manifests no 
generation of sciom. Therefore, fine resist patterns can be 
formed with good precision by using this composition. 



